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genesis" as the "simple" splitting of amino acids into their associated keto acids and ammonia. More than 55 participants from North America, Europe, and Japan met to discuss this compIex process and its role in normal and aberrant conditions. Together these experts consolidated the current state-of-theart knowledge on all aspects of ammoniagenesis.
The chapters are grouped together in specific topic areas. The first section is on eiizyiiie arid substrate i~etabolism. The presentations on glutamine and glutathione in terminal amino-nitrogen metabolism (Katunuma) and changes in rat renal glutamine activity isolated from mitochondria1 membranes (O'Donovan) link much of the basic biochemistry ofammoniagenesis and the factors that affect it. The contribution ofJunco et a1 looks at renal metabolism and ammoniagenesis in pigs with acute and chronic metabolic acidosis and highlights the way ammoniagenesis is woven into this process. Sastrasinh and Sastrasinh provide a most valuable examination of the cotransport of glutamate and H+ by renal mitochondria, including the use of the two probes DIDS and SITS. DIDS has potential value for both uptake and efflux, and SITS for emux, investigations. Garg and Narang examined the changes in H-ATPase activity in isolated nephron segments from the medullary and cortical descending limbs, distal collecting tubules, cortical collecting ducts, and both inner and outer medullary collecting ducts and demonstrated similar NEM-sensitive ATPase activity in each part. The important interaction between proline and glutamine is reported in collagenase-dispersed kidney tubule suspensions by Guder and Schorn. These data demonstrate that proline can act as a metabolic fuel for the proximal tubule. Welbourne provides a short overview of the regulation of renal glutamate metabolism by the glucocorticoids and suggests that the gene(s) for glutamate dehydrogenase and glutamine synthetase can also be affected through a glucocorticoid-mediated mechanism. Kvamme et a1 show that the transport of glutamine into renal mitochondria is not limited for glutamine hydrolysis and that phosphate-activated glutaminase is possibly located predominantly on the outer face of the inner mitochondria1 306 membrane. Stepinski et a1 highlight the significance of changing IMP and aspartate on the purine nucleotide cycle. The data suggest a possible contribution of the medulla to ammonia and fumarate production, which has a potential role for energy production.
The role of amnoniagenesis and its iinportaiice to renal disease. Chobanian and Kern highlight the abnormalities in ammonia metabolism in long-term alloxan-induced diabetes (60 months) in dogs. Isolated tubules from such animals showed severe morphological alterations, where a tubular hypertrophy was associated with hypermetabolism, representing intracellular acidosis. Such changes in proximal tubules could also be involved in the glomerulotubular feedback seen in progressive diabetic nephropathy. Nath et a1 review the role ofammonia in progressive renal injury and highlight the series of changes affecting ammoniagenesis and other electrolyte disturbances, alterations in the alternative complement cascade, and the perturbation of ammoniagenesis by chronic oxidative stress. The contribution by Guntupalli shows that maleic acid-induced phosphaturia, but not glycosuria, is expressed at the level of the proximal apical Na-Pi cotransport system. The effects of maleic acid seem to be direct because it also affects phosphate uptake in isolated brush boarder membrane vesicles. The phosphaturia can be attenuated in parathyroid intact animals and abolished in parathyroidectomized animals by dietary phosphate deprivation. These investigations highlight a greater role for phosphate transportation in the distal nephron than has previously been ascertained. Dass et a1 present an overview on how hepatic and renal regulation of metabolite flow is affected in the remnant kidney model of chronic renal failure. The extraction of glutamine, lactate, citrate, and glutamate, and the formation of bicarbonate, ammonia, and CO, are reduced, but GSH extraction increases, and 3-hydroxybutyrate and acetoacetate are unaffected. The investigation of ammaniagenesisitas it relates specifically to the human kidney, is documented in several papers. Durozard et al report on the hyperammonemia caused by valporate, using human isolated renal tubules, and show a dose-related decrease in concentration of coenzyme A, acetyl-coenzyme A, and succinylcoenzyme A, which are all associated with an accumulation of valproyl-coenzyme A. By contrast Deferrari et a1 have assessed renal ammonia production between urine and venous blood in humans with a metabolic acidosis resulting from ammonium chloride intake for up to 6 days, or acute alkalosis caused by bicarbonate infusion. Their data suggest that the response of renal ammoniagenesis in man (unlike other species) is slow, they also show an adaptation characterized by increased ammonia production and preferential excretion of ammonia into urine. The paper by Tizianello et a1 on humans with chronic potassium depletion, due to primary aldosteronism, shows a marked increase in ammonia production (varied inversely to serum potassium concentration) and glutamine extraction that may be similar in other types of potassium depletion.
The complex topic of Aminonia prodtiction and transport along the iiephroii is considered in a series of papers. Knepper et a1 describe the role that the medulla plays in regulating ammonia accumulation. Ujiie et a1 document the role ofglutamate and alphaketoglutarate on ammoniagenesis from glutamine in acute metabolic acidosis. Wright and Knepper map the ammoniagenic enzymes such as phosphatedependent glutaminase and glutamic dehydrogenase along the nephron. Negami highlights the role of extracellular potassium on the effect of ammonia production and transport in the isolated perfused mouse proximal tubule. Gesek et a1 show how a variety of catecholamines and peptide hormones stimulate proximal nephron ammonia and glucose production, the combination of which can be synergistic. Endou et a1 present a detailed investigation of the role of ammonium on ATP consumption in the rat medullary thick ascending limb. Hebert et a1 investigate the mechanism of ADH-induced enhancement of active ammonium absorption by the mouse medullary thick ascending limb. Taken together, these papers show the diversity of factors affecting and controlling ammoniagenesis in different parts of the kidney, using material from a number of species, and the application of fundamentally different techniques provides essential data for subsequent investigation.
The iiiiportaiice of aminoniageiiesis in the braiit and liver is also considered. Horiuchi et a1 report on the differences between normal brain phosphatedependent glutaminase and that which has been microwave irradiated. The 2 enzyme activities show a number of differences, but the data suggest that the microwave radiation produced is an artifact of the normal phosphate-dependent enzyme. Hallbrucker et a1 investigate the interaction between cell volume and hepatic nitrogen metabolism using a single-pass perfused rat liver. Their data suggest that hypotonic cell swelling stimulates hepatic glutaminase, data that are in line with changes in isolared mitochondria. A number of other hypertonic-related metabolic effects have also been described, but with little mechanistic understanding. The paper by Aoyagi et a1 describes the regulation of acetylglutamate in the liver and how it is affected by glucocorticoids and renal failure. These data highlight the fact that acetylglutamate is increased by hydrocortisone and renal failure, especially in the presence of amino acids.
Novel tecliniqires for stirdying renal nitrogen ntetabolisnt. ISN-Labelled glutamine (in the 2and 5-positions) is used as a way of studying the role of gamma-glutamyl transpeptidase in glutamine metabolism by Nissim et al. Cultured human kidney cells showed a relatively minor role for gammaglutamyl transpeptidase in ammoniagenesis from glutamine. The paper by Ross et a1 on the applications of nitrogen-15 NMR provides an insight into the use of stable isotopes in studying the nitrogen pool. The distribution of 15N coincided with the well established biosynthetic pathways, but is considerably less in animals with portacaval shunts. Renal synthesis ofglutamate and glutamine in both normal and portacaval shunted animals showed that the contribution of hepatic glutamine to the renal nitrogen pool was considerably reduced.
The modiilatioii of the genes coiitrolliiig ammoniageitesis are still relatively poorly understood. The contribution by Kaiser et a1 examines the effect of acidosis on phosphoenolpyruvate carboxykinase and glutamase messenger RNA in rat kidney and in LLC-PK-F+ cells. The data demonstrate that acidotic changes increase the expression of specific genes. The paper by Watford examines the regulation of glutaminase and glutamine synthetase genes in the acidotic rat. These data demonstrate an enhanced expression mRNA for glutaminase, especially in the kidney and skeletal muscle, but show few changes for glutamine synthetase. Finally, Mori et a1 provide a useful overview on the expression of ornithine transcarbamylase and argininosuccinate synthetase.
The proceedings therefore encapsulate all of the areas relating to ammoniagenesis from the enzymes, their genes, how they are modulated (or a partial understanding of these processes), through all of the biochemical pathways, and how they are changed by diseases. Despite the apparent simplicity of ammoniagenesis it is obvious that we have learned a great:.deal .% I _.. over the last few years, but our understanding is still incomplete.
The editors should be congratulated on the excellent overview and publishers on the continuing quality of "Contributions." The book has 2 significant limitations; the index is rather limited and the cost puts the volume out of the reach of all but the specialist and libraries.
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